We report a new sample of obscured active galactic nuclei (AGNs) selected from the XMMNewton serendipitous source and AKARI point-source catalogs. We match X-ray sources with infrared (18 and 90 µm) sources located at |b| > 10
INTRODUCTION
Multiwavelength observations have been finding various populations of active galactic nuclei (AGN). The population of obscured AGNs, which constitute a large fraction of AGNs (e.g., , Gilli et al. 2007 ), among various classes, are believed to be important in various aspects including the origin of the Cosmic X-ray background (XRB; e.g., Gilli et al. 2007 ), connection between obscuring matter and star formation activity in the host galaxies (e.g., Wada & Norman 2002) , and evolutional paths of AGNs (e.g., Sanders et al., 1988 , Hopkins et al. 2006 , Alexander & Hickox 2012 . Modern large area surveys at various wavebands are indeed utilized to find a large number of hidden AGNs and to elucidate their nature.
Obscured AGNs are found by X-ray emission transmitted through obscuring matter, optical line emission from extended and ionized regions, infrared emission from dust heated by central AGNs, and so on. Hard X-ray surveys are one effective way to find obscured AGNs because the photoelectric cross section decreases as X-ray energy increases, and transmitted X-rays can be observed. Indeed, more than a dozen of Compton-thick AGNs, which are absorbed by a hydrogen column density greater than 1.5 × 10 24 cm −2 , show transmitted hard X-rays above 10 keV (Comastri 2004 and references therein; Burlon et al. 2011) . The all-sky and sensitive hard X-ray surveys conducted by the Swift Burst Alert Telescope (BAT) and INTEGRAL provide an unprecedented opportunity to search for the heavily absorbed population. While obscured AGNs have been found in these surveys, the number of Compton-thick sources are not as many as expected from other studies using, e.g., optical emissionline-selected samples (Gilli et al. 2007) or prediction from the synthesis models of the XRB ). This bias is due to the attenuation of X-rays even at energies above 10 keV for Compton-thick cases (Wilman & Fabian 1999 , Ikeda et al. 2009 , Murphy & Yaqoob 2009 , Brightman & Nandra 2011a . Burlon et al. (2011) estimated a correction factor of about four for Comptonthick fraction in their Swift/BAT sample. Thus, hard X-rays are still biased against heavily absorbed AGNs. Infrared emission from warm dust heated by the central source is also employed to find obscured AGNs. Midinfrared (MIR) emission indeed traces the power of the AGNs regardless of whether they are type 1 or 2, and the attenuation of MIR in type 2 AGNs is not large (Horst et al. 2008 , Gandhi et al. 2009 , Ichikawa et al. 2012 , Matsuta et al. 2012 . A weakness of utilizing infrared emission, however, is that emission from dust heated by stars cannot be separated if spatial resolution is not sufficiently high, and therefore the infrared-selected sample contains non-negligible fraction of non-AGN galaxies. For example, 13 and 18 out of 126 galaxies selected at 12 µm are optically classified as H II and H II/AGN composite galaxies, respectively (Brightman & Nandra 2011b) .
The combination of X-ray and infrared selection is a useful way to select a heavily obscured AGN population and is applied to deep (Fiore et al. 2008 (Fiore et al. , 2009 or wide surveys (Mateos et al. 2012 , Rovilos et al. 2014 to overcome the biases in the selections using only hard X-ray or infrared emission. The X-ray to infrared flux ratios, X-ray hardness, infrared colors, and so on are utilized in these selections. Among the techniques employed, we extend the method used by Severgnini et al. (2012) . They used 25 µm fluxes (F 25 ) measured in the IRAS Point Source Catalog (PSC) and X-ray data taken from the XMM-Newton serendipitous source catalog (2XMM catalog; Watson et al. 2009 ) and made a diagnostic plot of X-ray hardness ratio (HR4) and X-ray to infrared flux ratio (F (2−12 keV)/ν 25 F 25 ), where HR4 is defined by using X-ray count rates (CRs) in 2-4.5 keV CR(2-4.5 keV) and in 4.5-12 keV CR(4.5-12 keV) as HR4 = CR(4.5 − 12 keV) − CR(2.0 − 4.5 keV) CR(4.5 − 12 keV) + CR(2.0 − 4.5 keV) .
They defined the region for candidates of Compton-thick AGNs as F (2 − 12keV)/ν 25 F 25 < 0.02 and HR4> −0.2, and built a sample consisting of 43 candidates. For absorbed sources, the X-ray to infrared ratio becomes small since X-rays below 12 keV are attenuated by photoelectric absorption. Absorbed sources show flatter X-ray spectra and therefore larger values of hardness ratios are expected. Thus, their criteria are expected to work to select heavily absorbed sources. About 84% of the objects in their sample are confirmed as Compton-thick AGNs and 20% are newly discovered ones. Thus, the combination of wide field survey data in the infrared and X-ray bands is promising in the search for heavily obscured AGNs.
In this paper, we combine the infrared all-sky survey data obtained with AKARI (Murakami et al. 2007 ) and the 2XMM catalog. We construct diagnostic diagrams to classify activity in galaxies and to search for obscured AGNs. We selected 48 candidates for obscured AGNs and analyzed their X-ray spectra. This paper is organized as follows. Section 2 describes the selection method of X-ray and infrared sources. Diagnostic diagrams to classify the selected sources are presented in Section 3. Results of X-ray spectral analysis are shown in section 4. Section 5 discusses the results and summaries are given in Section 6. We adopt H 0 = 70 km s −1 , Ω M = 0.3, and Ω Λ = 0.7 throughout this paper.
THE SAMPLE

XMM-Newton and AKARI catalogs
We combine two large area survey data in the Xray and infrared bands. We used the XMM-Newton Serendipitous source catalog Data Release 3 (2XMMi-DR3), which contains 262902 unique X-ray sources. The median X-ray flux in 0.2-12 keV is 2.5 × 10 −14 erg s −1 cm −2 . The typical positional uncertainty is 1. ′′ 5 (1σ) (Watson et al. 2009 ). The entries listed in this catalog (CRs in 0.2-12 keV and HR4) are used to create diagnostic diagrams and select candidates for obscured AGNs. The data from EPIC-PN, which has a larger effective area than those of EPIC-MOS, was used throughout the analysis. We use sources located at the Galactic latitude |b| > 10
• in 2902 observations with usable PN data. Among these observations, 2686 and 216 observations are taken with full window and large window modes, respectively. There are 2062 and 139 unique fields taken with the full window and large window modes, respectively. The total number of unique EPIC-PN sources at |b| > 10
• is 150799. In the following analysis, sources with EPIC-PN counts in 0.2-12 keV greater than 60 counts (60851 unique sources) are used.
AKARI Point Source Catalogs (PSCs) were used as infrared data. AKARI surveyed most of the sky with the two instruments, the Infrared Camera (IRC; Onaka et al. 2007 , Ishihara et al. 2010 ) and the Far-Infrared Surveyor (FIS; Kawada et al. 2007 ). The bandpasses of the IRC are centered at 9 and 18 µm, while the band centers of the FIS are 65, 90, 140, and 160 µm. We used 18 and 90 µm measurements as mid-and far-infrared data. The 18 µm is chosen to avoid silicate features, which may affect continuum measurements, in the 9 µm bandpass of the IRC. The 90 µm band is used among the fir-infrared bands because this band is most sensitive. We use only data with the quality flag of FQUAL = 3, which means flux measurements are most reliable (Yamamura et al. 2010 ). There are 43865 (18 µm) and 62326 (90 µm) sources with FQUAL = 3 located at |b| > 10
• .
Cross Correlation of the X-ray and Infrared
Catalogs We compared the positions of X-ray sources in the 2XMM-DR3 and infrared sources in the AKARI PSCs and made a list of X-ray and infrared sources. We first listed FIS sources within 20
′′ of the X-ray source positions. If there are multiple sources within the circular region around an X-ray source, the source closest to the X-ray position is assumed to be a counterpart and is used in the following analysis. If one source is observed more than twice with XMM-Newton, only the data with the largest number of counts in 0.2-12 keV is used. We then matched the IRC and X-ray sources in a similar way using a matching radius of 10 ′′ . Finally, the FIS and IRC source lists are combined. The combined list contains 253 sources. The histograms of the separation between the X-ray and infrared positions are shown in Figure 1 for the 18 and 90 µm sources. The separations for the 18 µm sources are more concentrated within a small ra- . Distribution of redshifts for the matched sample using X-ray, 18, and 90 µm data shown in Table 1 . Figure 3. Distribution of X-ray count rates in 0.2-12 keV. Solid line: all the EPIC-PN sources located at |b| > 10 • with 0.2-12 keV counts greater than 60. Dotted-dashed line: 173 objects in our sample after matching with the 18 µm and 90 µm sources and excluding Galactic and ultraluminous X-ray sources.
dius from the X-ray positions compared to the 90 µm sources as expected from the positional accuracy of the IRC and FIS sources (3σ ≈6 ′′ and 18 ′′ , respectively, for faint sources).
We searched for the most probable counterpart of the X-ray sources using the NASA/IPAC Extragalactic Database (NED) and SIMBAD Astronomical Database. Stars, H II regions, planetary nebulae, young stellar objects, and ultraluminous X-ray sources are excluded from the sample, resulting in 173 objects. The sample thus obtained is summarized in Table 1 , where the XMM source name, alternative name, redshift, infrared flux densities, X-ray CRs in 0.2−12 keV, and hardness ratios (HR4) are shown. Redshifts are available for 171 of the 173 sources. Their distribution is shown in Figure 2 as a histogram. The distribution of X-ray CRs in 0.2-12 keV for all the EPIC-PN sources located at |b| > 10
• with 0.2-12 keV counts greater than 60 and the 171 objects in our sample is shown in Figure 3 . Comparison of these histograms indicates that X-ray brighter objects tend to have a possible infrared counterpart detected both in the 18 and 90 µm bands. None of X-ray sources fainter than 0.004 counts s −1 in 0.2-12 keV are matched with infrared sources. We also compared distributions of infrared flux densities. The solid histograms in Figure 4 are distributions of infrared flux densities for 90 µm sources having 18 µm source(s) within 20 ′′ and their nearest neighbor 18 µm sources (3535 objects in total) located at |b| > 10
• with FQUAL = 3. The dotted-dashed histograms are those for the 173 objects matched with EPIC-PN sources. A clear difference before and after matching with X-ray sources is shown as the double peak structure in the histogram for the 18 µm sources. The peak at a higher infrared flux density is likely to be composed of Galactic sources because the peak is more enhanced if we use objects at low Galactic longitude (e.g., 10
• < b < 15 • ) and because the peak disappeared after excluding Galactic sources in our selection procedure. The distribution of 90 µm fluxes for X-ray-matched objects are flatter than that for all the 90 µm sources with nearby 18 µm sources. This fact indicates that objects brighter at 90 µm tend to have a greater probability of being matched with an X-ray source.
We summarize the X-ray and infrared luminosities for the X-ray-IR matched sample in Table 2 . The distribu- . Distribution of observed X-ray luminosities in the 2-10 keV band for objects showing AGN activity for the matched sample using X-ray, 18, and 90 µm data shown in Table 1 Table 2 , except for Mrk 59 for which a redshift-independent distance is not available. Distances to objects at z > 0.003 and Mrk 59 are calculated from source redshifts and the assumed cosmology. Observed X-ray luminosities in the 2-10 keV band (source rest frame) are obtained from the literature or our analysis presented in section 4 if X-ray spectra clearly show the presence of an AGN. Most X-ray fluxes or luminosities are taken from the literature, like for absorption column densities. References are given in Table 2 only if a reference different from that for N H is used. When we use published fluxes in 2-10 keV to calculate luminosities, we made a simple K-correction by assuming a simple power law with a photon index of 1.8. Since most of the objects in our samples are at a low redshift (z <∼ 0.3), the assumption on the spectral shape only slightly affects the correction. If a photon index of 1.4 is assumed instead, the luminosity would be lower by 10% at z = 0.3. This amount is much smaller for lower redshift sources. In some cases, we obtained observed luminosities from the literature and converted them to our assumed cosmology. Infrared luminosities (νL ν for 18 and/or 90 µm) are calculated from the AKARI measurement of infrared fluxes. We applied a K-correction by assuming a template spectral energy distribution for Seyfert 2s by Poletta et al. (2007) . Again, because of low redshifts for our sample, the amount of the correction is relatively small. A correction factor is at most about 10% for a 18 µm luminosity at z = 0.3. We compiled optical classifications from the literature or spectra in the archives. The sources are classified into Seyfert, Low-Ionization Nuclear Emission line Region (LINER), H II nucleus, transition between LINER and H II, BL Lac object, or normal galaxy. Seyfert, LINER, H II, and, transition objects are defined based on the location of the optical emission line ratios ([N II . Distribution of infrared luminosities νLν at 18 µm (upper) and 90 µm (lower) for the matched sample using X-ray, 18, and 90 µm data shown in Table 1 (Baldwin et al. 1981 , Veilleux & Osterbrock 1987 , Kewley et al. 2006 ) we adopted criteria of Ho et al. (1997) because many objects in our sample are contained in the Ho et al. sample in which stellar absorption lines were carefully treated in measuring emission line fluxes. Some objects are in the boundary region of two activity classes on the excitation diagrams, or use of different emission lines results in different classifications. For such ambiguous cases, both activity classes are shown such as Seyfert/LINER. The types (1, 1.2, 1.5, 1.8, 1.9, and 2) of Seyferts, LINERs, and transition objects are also shown if available in the literature. The classifications for some objects are not published in the literature, and we classified their optical spectra from the archives of the Sloan Digital Sky Survey, the 6dF Galaxy survey, or the Updated Zwicky Catalog (Falco et al. 1999) Summary of optical classifications for the matched sample using X-ray, 18, and 90 µm data shown in Table 1 . Sy1: Seyfert 1, 1.2, and 1.5; Sy2: Seyfert 1.8, 1.9, and 2; L: LINER; T: transition object between LINER and HII nucleus; HII: HII nucleus; Normal: normal galaxy; BL: BL Lac object; Un: Unclassified.
for some of the objects in the sample. They are denoted as "unclassified." These classifications are shown in Table 1 and summarized as histograms in Figure 7 . In the histograms, Seyfert 1, 1.2, and 1.5 are treated as "Seyfert 1", while Seyfert 1.8, 1.9, and 2 are regarded as "Seyfert 2."
Since one of our aims is to search for obscured AGNs, we compiled absorption column densities (N H ) measured using X-ray spectra from the literature, as shown in Table 1. N H values are shown for Seyferts and LINERs in which X-ray emission is dominated by AGNs. Some galactic nuclei classified as H II show evidence for the presence of an AGN. Their N H values are also shown. If there are multiple published results, we put priority on the results of systematic analysis of a large sample, and results based on better quality of data. For objects showing a signature of heavy absorption exceeding ∼ 10 24 cm −2 , we use results based on wide-band spectra covering hard X-rays above 10 keV whenever possible. Objects showing a strong Fe-K emission line with an equivalent width (EW) exceeding 700 eV and/or a very flat spectral slope are regarded as N H > 10 24 cm −2 even if only X-ray spectra below 10 keV are available. The boundary of the EW (700 eV) was chosen based on analysis of Xray spectra for a large sample of AGNs Fukazawa et al. 2011 ) and theoretical predictions (Awaki et al. 1991; Leahy & Creighton 1993; Ghisellini et al. 1994; Ikeda et al. 2009; Murphy & Yaqoob 2009; Brightman, & Nandra 2011a) . If an N H value is not explicitly presented in the literature and if X-ray spectral shape does not show a clear signature of absorption, N H is regarded as small as noted in Table 1 .
DIAGNOSTIC DIAGRAMS
3.1. Hardness and X-ray/Infrared Ratio We first made a diagnostic diagram using the hardness ratio HR4 and the ratio between the X-ray CR in 0.2-12 keV and the infrared (18 or 90 µm) flux density. These diagrams are essentially the same as that used by Severgnini et al. (2012) . We used X-ray CRs instead of X-ray fluxes because X-ray CRs are values directly derived from observational data without any assumptions on the X-ray spectral shape. Our diagrams are shown in the left and right panels of Figure 8 for 18 µm and 90 µm, respectively. Different symbols are used to represent optical classifications of the activity. Seyfert 1, 1.2, and 1.5 are denoted as "Seyfert 1", while Seyfert 1.8, 1.9, and 2 are shown as "Seyfert 2" in the diagrams. Seyfert 1s are located in the upper left part of the diagram, while Seyfert 2s tend to be located in the lower right. The larger values of hardness ratios and lower Xray counts relative to infrared fluxes of Seyfert 2s are due to the suppression of lower energy X-rays via photoelectric absorption. H II galaxies are located in the lower left side. The location of H II galaxies indicates that Xrays are relatively weak compared to AGNs at a given infrared power. In order to examine the effect of absorption, we defined three groups sorted by N H and plotted them using different symbols in Figure 9 . The ordinate and abscissa are same as in Figure 8 . The open circles, 23−24 cm −2 , and N H > 10 24 cm −2 , respectively. As expected, objects with lower and higher N H tend to be located at around the upper left and lower right part of the diagrams, respectively.
We made tracks of expected hardness ratios and Xray/infrared ratios for various values of N H . A powerlaw spectrum with a photon index of 1.8 was assumed as incident emission. One percent of the incident emission is assumed to appear as scattered emission keeping the spectral shape. The Galactic absorption of 2 × 10 cm −2 , the flux from the scattered emission becomes more significant relative to the absorbed power-law emission, and the hardness ratio becomes small. The above considerations suggest that if objects appeared in the lower right part of the diagram, they are candidates for obscured AGNs. Some of the objects in this region have no published X-ray spectra. We study the X-ray spectra of such candidates for obscured AGNs selected from that region (CR 0.2−12 /F 90 < 0.1 or CR 0.2−12 /F 18 < 1) and HR4 > −0.1 in section 4.
A disadvantage of using CRs instead of fluxes is that they depend on the instrument used in observations. We calculate the conversion factors from X-ray fluxes to observed CRs. The same spectral shape used to derive the track shown in Figure 9 is assumed. The on-axis response for the EPIC-PN and an integration radius of 60", which Figure 11 nuclei, and the distributions of the color for Seyfert 1 and Seyfert 2 are almost identical. These results imply that the dust in AGNs are warmer than those in H II nuclei because of the presence of a hard heating source, confirming earlier studies (e.g., Wu et al. 2009 ). Comparison between type 1 and type 2 AGNs shows that Mid-IR emission from warm dust near the central engine is visible in both types of AGNs. Thus, we confirmed earlier results based on ground-based observations (Gandhi et al. 2009 ), or a combination of AKARI and hard X-ray surveys (Ichikawa et al. 2012 , Matsuta et al. 2012 ).
Infrared Color and X-ray/Infrared ratio
4. X-RAY SPECTRA 4.1. The Sample and Data Reduction As described in section 3.1, objects in the lower right part of the diagram HR4 versus CR/infrared flux ratio are candidates for obscured AGNs. In order to explore the nature of the candidates, we compiled X-ray results from the literature and analyzed X-ray spectra of objects for which no published results are available.
We first select objects satisfying (CR 0.2−12 /F 90 < 0.1 or CR 0.2−12 /F 18 < 1 ) and HR4 > −0.1 from the matched sample using X-ray, 18, and 90 µm. This sample consists of 85 objects and is denoted as the 18 + 90 µm sample hereafter. In addition to this sample, we selected objects satisfying CR 0.2−12 /F 90 < 0.1 and HR4 > −0.1, where we required the condition FQUAL = 3 only for 90 µm data to increase the size of the sample. 84 objects are selected by these conditions. The list of objects in this 90µm sample is shown in Table 3 . We also selected objects with FQUAL = 3 at 18 µm, FQUAL = 3 at 90 µm, and HR4 > −0.1. This 18 µm sample consisting of 10 objects is shown in Table 4 . The probable counterparts, redshifts, optical classifications, and absorption column densities determined from X-ray spectra taken from the literature are shown in the tables. Redshifts are available for 83, 62, and 9 objects in the 18 + 90 µm, 90 µm, and 18 µm samples, respectively. The distributions of the redshifts are shown in Figure 12 . We excluded stellar and off-nuclear sources from the sample as in the sample shown in Table 1 . We inspected the X-ray data of objects with no published X-ray results as candidates for detailed studies. Then the following cases were excluded; objects located in bright diffuse emission of a cluster of galaxies or an early-type galaxy, in the outskirt of the point spread function of a bright source, on or near the gap between CCD chips, in crowded X-ray source regions such as star-forming regions. The X-ray and infrared luminosities for the 90 and 18µm samples are summarized in Table 2 and Figures 5 and 6, in which both results taken from the literature and our own analysis presented in this section are shown. The K-corrections and references for X-ray data and distances are treated in the same manner for the sample presented in section 2.2. We retrieved the data for the sample from the XMMNewton Science Archive and examined their spectra. The XMM-Newton Science Analysis Software (SAS) version 13.0.0 and the calibration files as of 2013 May were used in the data reduction and analysis. We first made light curves of a region that does not contain bright sources in 10-12 keV to examine background stability and time intervals with high background rates were excluded. We extracted source spectra from a circular region centered at the source position with a radius of 4 ′′ -60 ′′ . The extraction radii were determined to achieve good signal to noise ratio and to avoid nearby sources. Background spectra were made from an off-source region in the same CCD chip and subtracted from the source spectra. After data screening and background subtraction, net source counts in 0.2-12 keV for some objects were found to be lower than 60 counts because of the reduced exposure time. Such objects were excluded from the following analysis since their photon statistics are not sufficient to create spectra of reasonable quality. The final sample consisting of 48 objects for X-ray spectral analysis and the observation log are summarized in Table 5 . The infrared sample from which these objects are taken and Hubble type taken from the HyperLeda database (Paturel et al. 2003) are also shown in Table 5 .
The response matrix file and ancillary response file were made by using the SAS. The spectra were binned so that each bin contains at least one count. More channels are binned in the figures shown below for presentation purposes. A maximum-likelihood method using the modified version of C statistic (Cash 1979 ) was employed to fit background-subtracted spectra. Spectral fits were performed with XSPEC version 12.8.0. The errors represent the 90% confidence level for one parameter of interest. Errors are not shown for the cases that the value of C statistic is much worse than that for the best-fit model.
The Galactic absorption was applied to all the models examined below. The Galactic absorption column densities (Kalberla et al. 2005) were obtained by the FTOOL nh and shown in Table 5 . phabs or zphabs in XSPEC were used as a photoelectric absorption model. We examined the presence of an Fe-K emission line at around 6.4 keV by adding a Gaussian component. The line center energy was left free if the photon statistics were sufficient to constrain the energy, otherwise 6.4 keV was assumed. The line width was fixed at a Gaussian σ of 10 eV. For objects with a known redshift, all the model components except for the Galactic absorption were assumed to be emitted or absorbed at the source redshift. If a redshift is previously unknown and an Fe-K emission line is visible in our X-ray spectra, the source redshift was treated as a free parameter and was determined from the line, whose central energy was assumed to be 6.4 keV in the source rest frame. The redshifts for the X-ray analysis sample range from 0.00218 to 0.188 with a median of 0.020, where redshifts determined by an Fe-K line are included. We assumed a redshift of z = 0 for all the other cases.
Fe line parameters are not shown if the photon statistics around 6.4 keV are not sufficient and if no meaningful constraints on the line is obtained. The results of the spectral fits described below are summarized in Tables  6 and 7 . The adopted model is marked with an asterisk in Table 6 . In these tables, spectral parameters for the best-fit models and models with fewer model components are shown for comparison. The observed fluxes and luminosities corrected for absorption (for objects with a known redshift) in the 2-10 keV band were derived for the best-fit spectral model and models giving a similar quality of fits to the best fit.
Results
We first summarize measurements of absorption column densities taken from the literature, and then provide detailed results of our own spectral analysis for the 48 objects, for which no X-ray results have been published so far. The 48 objects analyzed are devided into three groups (1) objects with absorbed spectrum, (2) objects showing very flat continuum and/or strong Fe-K fluorescent line, and (3) objects showing unabsorbed spectrum, and explained in turn.
X-ray Results Taken from the Literature
We compiled the results of X-ray spectral fits for our samples from the literature. Since our aim is to find obscured AGNs by combining X-ray and infrared data, we tabulated absorption column densities (N H ) derived from X-ray spectra in Tables 1, 3 , and 4 for the 18 + 90 µm, 90 µm, and 18 µm samples, respectively. The N H values are classified into three classes "Unabsorbed","Comptonthin", and "Compton-thick" for objects with N H < 10 22 cm −2 , 10 22 < N H < 1.5×10 24 cm −2 , and N H > 1.5×10 24 cm −2 , respectively. If only a lower limit on N H of 1 × 10 24 cm −2 is presented, such sources are regarded as Compton-thick. These classifications are shown in the "X-ray Class" column in Tables 1, 3 , and 4. The classifications of X-ray absorption are available for 72, 22, and 9 objects for the 18 + 90 µm, 90, and 18 µm samples, respectively.
Absorbed Spectrum
X-ray spectra of 16 of the 48 objects we analyzed show convex shape, which is a signature of absorbed emission, implying the presence of an obscured AGN, at energies above ∼ 2 keV. Their spectra are shown in Figure 15 . We fitted their spectra by a power-law model absorbed by neutral matter. First the photon index was treated as a free parameter, and then a model with a photon index fixed at 1.8 was examined. The result for a free photon index is shown if a meaningful constraint on the index is obtained.
The spectrum of 2MASX J05430955−0829274 is well fitted with this absorbed power-law model accompanied by an emission line at 6.4 keV. The rest of the objects show additional emission at energies below a few keV. We tried to model this emission by power law, APEC thermal plasma (Smith et al. 2001) , or a combination of both. For the models with one power-law component, the photon index was left free or fixed at 1.8. The photon indices of the heavily absorbed power law, which dominates hard emission, and the additional power law representing the soft part of the spectra were fixed at 1.8 for models containing two power-law components. A common photoelectric absorption model, which represent the absorption in the host galaxies, was applied to both of the power-law components. The APEC component was assumed to be absorbed only by the Galactic column. The spectra of the two objects 2MASX J05052442−6734358 and NGC 5689 are represented by the two power-law model. Other objects show excess emission around 0.6-1.0 keV, which implies the presence of Fe-L emission lines from hot plasma, and the APEC model was used to express this feature. An APEC + absorbed power-law model describes the spectra of UGC 959 and IC 5264. The spectra of the rest of the objects were fitted with a combination of two power-law and APEC components. IRAS 03156−1307 required two temperature APEC components in addition to the two power-law components.
The best-fit column densities for the heavily absorbed power-law component are N H ≈ 2 × 10 22 − 1.4 × 10 24 cm −2 , which is a range expected for obscured AGNs. The column densities of the two objects IRAS 01356−1307 and NGC 2611 exceed 1 × 10 24 cm −2 and the effect of Compton scattering cannot be neglected. Therefore, we multiplied the cabs model in XSPEC (e −σTNH ), where σ T is the Thomson scattering cross section. Although the energy dependence of the cross section is not taken into account, this model approximates the shape of the continuum transmitted through Compton-thick matter (Ikeda et al. 2009 ). This model affects only the normalization of the heavily absorbed power-law component.
The results of the spectral fits are summarized in Table 6, and the adopted models and data/model ratios are shown in Figure 15 . If two or more models provide similar C statistics, we adopt models with the best-fit photon index in the range of 1.5-2.1, which is typical for X-ray spectra of AGNs. The results of spectral fits to the Fe-K line are shown in Table 7 . The improvement of the C statistic by adding a Gaussian line is also shown in Table 7 . An Fe-K emission line is seen in the spectra of 2MASX J05052442−6734358, 2MASX J05430955 −0829274, and ESO 205−IG003. A hint of Fe-K emission is seen in SDSS J085312.35+162619.4. The photon statistics are poor around 6.4 keV in IRAS 03136−1307 and Fe line parameters are not shown for this object. The improvement of the C statistic for other objects is small for one additional parameter (normalization of a Gaussian).
Flat Continuum and Strong Fe-K Emission Line
Ten objects show a flat continuum at energies above a few keV and/or a strong Fe-K emission line at around 6.4 keV. The spectral shape is much flatter than that typically observed in AGNs and implies that the spectrum is a combination of heavily absorbed and less absorbed power laws with typical photon indices for AGNs (two power-law model) or that the spectrum is reflectiondominated. Therefore, we examined continuum models for these two cases. We assumed a common photon index of 1.8 for the two power-law model. The pexrav model in XSPEC was used to represent a continuum reflected from cold matter (Magdziarz & Zdziarski 1995) . The incident spectrum is assumed to be a power law with a photon index of 1.8 and an exponential cutoff at 300 keV. The reflection scaling factor (rel refl) was set to −1 to represent reflected emission alone. The inclination angle of the reflector was assumed to be 60
• , where the inclination of 0
• corresponds to face on. The spectrum of 2MASX J05391963−0726190 is fitted either by a pure reflection model or a two power-law model. A pure reflection model does not describe the spectra of IRAS 00517+4556, 2XMM J052555.5−661038, and 2XMM J184540.6−630522. The continuum of 2XMMi J184540.6 −630522 is fitted by a flat powerlaw model or a combination of reflection and slightly absorbed power law. A combination of reflection and virtually unabsorbed power law or a two power-law model represent the spectra of IRAS 00517+4556 and 2XMMi J052555.5−661038. J184540.6−630522, NGC 6926, 2MASX J23404437 −1151178, and NGC 7738, show an emission line at around 6.4 keV in the source rest frame with an EW in the range of 1.1-4.6 keV. An Fe-K line at 6.4 keV is not detected in other objects except for a weak hint of a line in NGC 4713. An emission-line-like excess at around 7.0 keV is seen in the spectrum of IRAS 12596−1529. If this line is assumed to be from H-like Fe at 6.97 keV, the C statistic is improved by ∆C = 5.5 for one additional parameter (normalization of a Gaussian). 2MASX J11594382−2006579 shows a line-like emission at ≈ 5.8 keV. If this emission is an Fe-K line at 6.4 keV in the source rest frame, the redshift is estimated to be 0.112
−0.018 , though the improvement of the fit is only ∆C = 3.0 for two additional parameters (normalization of a Gaussian and source redshift). Limits on the EW of Fe-K line at 6.4 keV were derived for objects with sufficient counts around 6.4 keV.
The results of the spectral fits are summarized in Tables 6 and 7. The observed spectra, adopted models, and data/model ratios are shown in Figure 16 . If two or more models give fits of similar quality, we adopt one or two models as the most appropriate ones satisfying the following conditions: (1) the best-fit photon index is in the range of 1.5-2.1 and (2) the constraint on the EW on an Fe-K fluorescent line at 6.4 keV is consistent with the best-fit N H as observed in obscured AGNs . 
Unabsorbed Spectrum
The rest of the objects do not show a signature of heavy absorption. We applied an absorbed powerlaw model to the spectra. The photon index Γ was first treated as a free parameter.
If the photon index was not well constrained, Γ = 1.8 was assumed. Good fits were obtained for 12 objects ( The single-component models do not fit the spectra of eight objects (NGC 35, ESO 264−G032, NGC 4559A, NGC 4696B, NGC 4713, IRAS 12596−1529, NGC 5350, and 2MASX J14341353 +0209088). Although the spectra of NGC 5132 and NGC 7617 are fitted by a powerlaw model, the resulting photon indices are very steep (3.3 and 2.8, respectively) and may indicate the presence of a soft component. We therefore examined a two component-model consisting of APEC plasma and absorbed power law with a fixed photon index of 1.8. This model describes the spectra of all but NGC 4696B. The addition of a second APEC component well fits the spectrum of NGC 4696B.
Two objects (NGC 4713 and IRAS 12596−1529) show a hint of an emission line at 6-7 keV. The improvements of the C statistic are 5.3 and 5.5 for one additional parameter (normalization of a Gaussian) if the line center energies of 6.4 keV and 6.97 keV were assumed for NGC 4713 and IRAS 12596−1529, respectively. Other objects do not show an Fe-K emission line feature. The upper limits on the EW of a Gaussian line at 6.4 keV were derived for objects with sufficient photon statistics around an Fe-K line and summarized in Table 7 . The results of the fits are summarized in Table 6 . The observed spectra and the adopted models are shown in Figure 17 .
DISCUSSION
Selection of Obscured AGNs
We made diagnostic diagrams using X-ray CRs, X-ray hardness, and infrared fluxes, which can be used to select candidates for obscured AGNs. By accumulating the published results of X-ray spectral analysis, we found that the regions satisfying (CR 0.2−12 /F 18 < 1.0 or CR 0.2−12 /F 90 < 0.1) and HR4> −0.1 are the loci for obscured AGNs. We analyzed the X-ray spectra of 48 objects with X-ray counts greater than 60, for which no X-ray spectra are published. Of these, 26 show a signature of absorbed X-ray spectra. Their classifications of X-ray absorption as Compton-thin or Compton-thick are summarized in (Yaqoob et al. 2010) . The 10 objects analyzed in section 4.2.3 show a flat continuum and/or a strong Fe-K emission line. Six of these objects are most likely to be Compton-thick AGNs judging from their flat continuum and strong Fe-K emission line. The Fe-K emission line is not significant in four (IRAS 00517+4556, 2MASX J05255807−6610523, 2MASX J05391963−0726190, and 2MASX J11594382−2006579) of the 10 objects, and their flat continuum could be interpreted as either a reflection-dominated spectrum or a combination of mildly absorbed (4 × 10 22 − 4 × 10 23 cm −2 ) and less absorbed components. These objects are tentatively regarded as Compton-thick in the following discussion and denoted as "Thick?" in the X-ray class column of Table 6 . Thus, 26 objects in total are most likely obscured AGNs, for which X-ray signatures of the presence of AGNs are reported for the first time in this paper. The 22 objects analyzed in section 4.2.4, on the other hand, show no clear evidence for the presence of obscured AGNs.
By combining the X-ray results taken from the literature and our own analysis, Table 8 summarizes the number of objects in the 18 + 90 µm, 90, and 18 µm samples, objects with X-ray measurements of absorption column densities, and unabosrbed/Comptonthin/Compton-thick objects. Usable X-ray data are available for 84% of the combined sample. Among the 151 objects with X-ray measurements, 113 (75%) are absorbed by Compton-thin or Compton-thick matter. If only sources securely detected at 18 µm are used, 82 of 89 objects (92%) are absorbed.
The MIR band is better for detecting emission from warm dust heated by an AGN compared to the farinfrared band. Therefore, we first discuss the success rate to find obscured AGNs selected by the criteria using 18 µm data. Among our XMM+AKARI sample, 79 objects satisfy the conditions CR 0.2−12 /F 18 < 1.0 and HR4 > −0.1. The absorption column densities of 44 and 29 objects among them are in N H = 1 × 10 22 − 1.5 × 10 24 cm −2 and larger than 1.5 × 10 24 cm −2 , respectively. The detection rate of AGNs absorbed by N H > 10 22 cm −2 is 73/79 ≈92%, which demonstrates the efficiency of our criteria finding obscured AGNs. Severgnini et al. (2012) applied a similar selection technique to the sample derived from the IRAS point source and 2XMM catalogs. They used the conditions of F (2 − 12 keV)/ν 25 F 25 < 0.02 and HR4 > −0.2 and selected 43 candidates for Compton-thick AGNs. Of the 43 AGNs, 40 are in common with our sample of obscured AGNs. Two objects (IRAS 04507+0358 and 3C321) are not selected in our sample since EPIC-PN data are not available for them. One object (NGC 5194) has an HR4 value of −0.11 that is slightly smaller than our adopted boundary (HR4 > −0.1) but satisfies Severgnini et al.'s criterion (HR4 > −0.2).
In Severgnini et al.'s sample, 32 of 43 are confirmed to be Compton-thick AGNs. The classification of Compton thickness for four objects are model-dependent, and seven are Compton-thin. If the conversion between IRAS 25 µm and AKARI 18 µm flux densities of equation (3) in Ichikawa et al. (2012) is assumed, their criterion translates into CR 0.2−12 /F 18 < 0.24 and 0.64 for assumed N H of 5 × 10 23 cm −2 and 1 × 10 22 cm −2 , respectively, where the same spectral shape as in section 3.1 was used. Thus, our criteria (CR 0.2−12 /F 18 < 1.0) cover X-ray brighter objects relative to MIR fluxes, and this might result in the smaller Compton-thick fraction (44/79) derived for our sample.
Another difference between Severgnini et al.'s and our selection criteria is the limited X-ray and infrared flux levels. Severgnini et al. selected objects with an X-ray flux in 4.5-12 keV larger than 1 × 10 −13 erg s −1 cm −2 . This flux corresponds to 7 × 10 −14 erg s −1 cm −2 in 2-10 keV, if N H = 5 × 10 23 cm −2 and the spectral shape used in section 3.1 are assumed. The fluxes in 2-10 keV of all but one in our sample are larger than this flux. The flux of one object (2MASX J05391963−0726190) is ∼ 4 × 10 −14 erg s −1 cm −2 in 2-10 keV, which is only slightly below the flux limit. We also compared the distributions of X-ray count rates in 0.2-12 keV. The solid histogram in Figure 13 is the distribution for 68 obscured AGN candidates satisfying the 18 or 90 µm criteria selected from Table 1 . The distribution of the CRs for the Compton-thick candidates in Severgnini et al. (2012) is shown as a dashed histogram in the same figure. Our sample contains more X-ray fainter objects compared to Severgnini et al.'s sample. Therefore, the X-ray flux limit likely explains the difference in the Compton-thick fraction in part. The distributions of 18 µm fluxes for the 70 objects satisfying the condition CR 0.2−12 /F 18 < 1 in the 18 + 90 µm sample and Severgnini et al's Comptonthick candidates are also compared in Figure 14 . We compiled 18 µm fluxes measured with AKARI IRC for the latter. Six sources do not have 18µm data, and their IRAS 25 µm fluxes are converted to 18 µm fluxes by using the equation (3) in Ichikawa et al. (2012) . Although the lower bounds of the distribution are similar, our sample contains a somewhat larger number of objects at fainter infrared fluxes. In summary, the combination of the larger numbers of X-ray faint or infrared faint objects compared to Severgnini et al.'s is likely to be a reason why we were able to find new obscured AGNs not included in Severgnini et al.'s sample.
We also used criteria using far infrared fluxes at 90 µm, CR 0.2−12 /F 90 < 0.1 and HR4 > −0.1. The contribution from cold dust heated by stellar processes in the host galaxy is likely to be significant in the far infrared band unless an AGN overwhelms the emission from the host galaxy. Therefore, a low CR 0.2−12 /F 90 ratio does not necessarily mean that X-ray emission is weak relative to the infrared because of the heavy absorption of an AGN. We thus expect the criteria using far infrared are less efficient to select obscured AGNs compared to the MIR selection. On the other hand, the combination of X-ray hardness and a low X-ray/IR ratio provides us with a chance to find AGNs buried in starburst activity. There are 83 objects satisfying the conditions CR 0.2−12 /F 90 < 0.1, HR4 > −0.1, and not securely detected in the 18 µm band. The presence of AGNs absorbed by a column density greater than 10 22 cm −2 is reported for 31 objects in the literature or in this paper. The N H values for 21 and 10 objects are in the range of 1×10 22 −1.5×10 24 cm −2 and larger than 1.5×10 24 cm −2 , respectively, where three objects classified as "Thick?" are regarded as Compton-thick. There is no indication of absorption in excess of 10 22 cm −2 in 31 objects. No N H measurements are available for the rest of the objects (19 objects). Therefore, the detection rate of obscured AGNs using the far infrared criteria is 31/62=50% for the sample with N H measurements.
The 22 objects analyzed in section 4.2.4 show no clear evidence for the presence of an obscured AGN. This result apparently contradicts our selection using hard X-ray spectra measured by the hardness ratio of HR4 > −0.1. A possible reason for this contradiction is the faintness of the sources in the hard X-ray band. The net counts in the 4.5-12 keV for 15 among the 22 objects are less than 42 according to the 2XMMi catalog. The uncertainties of the hardness ratios are very large for such faint objects and sources with an unobscured spectrum could be chosen by our criteria. In one case (UGC 587), almost no photons are seen above 2 keV in our X-ray spectrum, but the 4.5-12 keV count in the 2XMMi catalog is 110 counts. This case is likely to be due to a combination of very low real X-ray counts and uncertainties in background estimation. The 4.5-12 keV counts for rest of the objects are in the range of 120-250 and their HR4 values are around 0.0, which is relatively soft among the objects selected by our criteria. The inspection of their spectra indicates that the HR4 values are reliable and consistent with the observed unabsorbed spectra within the errors.
Obscured AGNs Outside the Selection Criteria
While our selection criteria efficiently select obscured AGNs as discussed in the previous subsection, there are some obscured AGNs located outside our criteria in Figure 9 . We examine the nature of these outliers using the 18 + 90 µm sample. None of 29 objects absorbed by N H > 10 24 cm −2 are located in the region CR 0.2−12keV /F 18 < 1. Of the 26 objects in the range of N H = 10 23−24 cm −2 , 9 have CR 0.2−12keV /F 18 > 1. This ratio scatters from object to object, and the number of objects with CR 0.2−12keV /F 18 > 1 depends on the choice of the boundary. We set the criteria to efficiently select more absorbed objects (> 10 24 cm −2 ), which resulted in missing some moderately absorbed objects (N H = 10 and 12 out of 26 absorbed by N H = 10 23−24 cm −2 are outside our criteria using 90 µm data. Inspection of Figure 9 (left and right) clearly shows that scatters in Xray to infrared ratios are much larger if 90 µm data are used. A possible reason is that there is a wide range of the contribution of infrared emission from relatively cold dust heated by sources other than AGNs depending on the nature of host galaxies. While the scatters naturally worsen the success rate to find obscured AGNs, there is a higher probability of finding AGN activity hidden behind starbursts. Among 55 sources with N H > 10 23 cm −2 , three objects do not satisfy the condition HR4 > −0.1. In these objects (NGC 3690, HR4=−0.267; Mrk 1, HR4=−0.101; NGC 2623, HR4=−0.169), there is a considerable contribution from soft thermal emission to the band pass used to calculate HR4, where the 2.0-4.5 keV band is used as the soft band. Since their absorption column densities are above 10 24 cm −2 , their X-ray spectra of AGN component below 10 keV are reflection-dominated and the low-energy cutoff due to photoelectric absorption is not clearly seen. The combination of the significant contribution of soft thermal emission and the absence of absorbed direct emission results in the relatively small HR4 values. If starburst activity coexists with obscured AGNs, soft thermal emission from starburst contributes to X-rays. In the infrared band, emission from cool dust associated with star formation activity results in smaller X-ray to 90 µm ratios. Such cases tend to be missed if our criteria are applied.
Optically Elusive AGNs
There are several objects classified as an H II nucleus showing a relatively large hardness ratio. In the 18 + 90 µm sample, the hardness ratios Maiolino et al. (2003) compiled a sample of non-Seyfert galaxies selected by infrared luminosity, infrared color, and the presence of a compact radio core. AGNs are found in at least 6 of 13 objects in their sample and AGN fraction becomes higher for more infrared luminous samples. Most of such elusive AGNs are found to be Compton-thick. Brightman and Nandra (2011a) found clear evidence for AGNs in four H II-like objects in the 12 µm selected sample. Two of them (Arp 299 and ESO 148−IG002) are Compton-thick. Our results, together with these previous findings, demonstrate the efficacy of a combination of infrared and X-ray selection to find hidden AGNs in galaxies with significant star formation activity.
We examined infrared color (F 18 /F 90 ) for the elusive AGNs in the 18 and 90 µm sample. The F 18 /F 90 ratios are in the range from 0.038 to 0.067. This color is typical for H II nuclei and much colder than usual Seyferts (Figure 11 ). The cold infrared color also supports that these AGNs are hidden behind star formation activity. Reliable intrinsic X-ray luminosities are available for Compton-thin objects. The logarithm of intrinsic luminosities in 2-10 keV are 41.6 and 42.3 for NGC 695 and IRAS 20551−4250, respectively. These luminosities are relatively low for Seyfert nuclei, and could be easily overwhelmed by star formation activity in optical and infrared.
SUMMARY
We cross-correlated 18 and 90 µm sources in the AKARI PSC and X-ray sources in the 2XMMi-DR3 catalog, and made a sample of infrared/X-ray-selected galaxies. As the parent sample of X-ray sources, we used objects located at |b| > 10
• and with EPIC-PN counts in 0.2-12 keV greater than 60 counts (60851 unique sources). Infrared sources at |b| > 10
• with reliable flux measurements at 18 µm and/or 90 µm FQUAL=3) are used. There are 43865 and 62326 18 and 90 µm sources, respectively, satisfying these criteria. The matched sample combining 18, 90 µm, and X-ray sources consist of 173 objects. Most of them are at a low redshift; the highest redshifts is 0.31 and 90% of objects are at a redshift smaller than 0.05.
The sample was divided into various activity classes and groups of various absorption column densities derived from X-ray spectra. Diagnostic diagrams using Xray hardness (HR4) and X-ray CR to infrared flux density ratios were made using 173 objects in the matched sample of 18 µm, 90 µm, and X-ray sources. AGNs obscured by a column density greater than 10 23 cm −2
are located in the lower right part of the diagrams HR4 versus CR 0.2−12 /F 18 and HR4 versus CR 0.2−12 /F 90 . We selected objects in the region HR4> −0.1 and CR 0.2−12 /F 90 < 0.1 without published X-ray results to search for obscured AGNs. An object not detected in the 90 µm band and having HR4> −0.1 and CR 0.2−12 /F 18 < 1 was also selected as a candidate obscured AGN. We analyzed X-ray spectra of 48 objects in total after excluding Galactic sources, sources in complex fields, or sources with very low X-ray counts after data screening. X-ray spectra of 26 among the 48 objects (54%) show clear evidence for the presence of absorbed AGNs. 16 objects (33%) show a continuum absorbed by a column density ranging from 3 × 10 22 cm −2 to 1.4 × 10 24 cm −2 . Six objects (13%) show a strong Fe-K emission line and a flat continuum, indicating the presence of a Comptonthick AGN. The spectra of four objects are explained by either Compton-thin or Compton-thick AGN. 22 objects (46%) show no clear evidence for the presence of an obscured AGN. These objects are either very faint in hard X-rays or hardness ratio is modest (HR4≈0).
Reliable constraints on X-ray absorption are available for 151 among 179 objects, satisfying the conditions HR4> −0.1 and (CR 0.2−12 /F 18 < 1 or CR 0.2−12 /F 90 < 0.1). 113 objects show clear evidence for the presence of absorbed AGNs, resulting in the success rate of 75%. If only objects satisfying the 18 µm condition are used, the detection rate of absorbed AGN becomes 92%.
At least seven objects with an optical classification of an H II nucleus show evidence for the presence of obscured AGNs, four of which are reported for the first time in this paper. These "optically elusive" AGNs have cold infrared color (F 18 /F 90 ) typical for H II nuclei. Their optical classifications and infrared colors are consistent with the idea that the star formation activity overwhelms their AGN in the optical and infrared wavelengths.
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Note. -Column 1: XMM name; Column 2: Alternative name; Column 3: Redshift; Column 4: EPIC-PN count rate in the 0.2-12 keV band; Column 5: Hardness ratio HR4; Column 6: Flux density at 18 µm in units of Jy; Column 7: Flux density at 90 µm in units of Jy; Column 8: EPIC-PN count rate in 0.2-12 keV to 18 µm flux density ratio; Column 9: EPIC-PN count rate in 0.2-12 keV to 90 µm flux density ratio; Column 10: Optical classification. Sy -Seyfert, L -LINER, T -transition object, HII -HII nucleus, BL Lac -BL Lac object, Unclassunclassified, 1 -type 1, 2 -type 2, and a fractional number denotes intermediate types; Column 11: Reference for optical classification; Column 12: Absorption column density in units of 10 22 cm −2 ; Column 13: Classification of absorption measured with X-ray. Un -unabsorbed or slightly absorbed (NH < 10 22 cm −2 ), Thin -Compton-thin (NH = 10 22 − 1.5 × 10 24 cm −2 ), Thick -Compton-thick (NH > 1.5 × 10 24 cm −2 ). If only lower limit of NH = 10 24 cm −2 is obtained, such objects are regarded as Compton-thick; Column 14: Reference for absorption column density. a X-ray spectrum shows no evidence for significant absorption. b Compton-thick candidates judged from a large Fe-K line EW (> 700 eV) and/or flat continuum.
c There are two IRC sources corresponding to NGC 3690E and NGC 3690W. The nucleus of NGC 3690W is likely to be an obscured AGN (Zezas et al. 2003) , and the 18µm flux of NGC 3690W is shown. FIS does not resolve the two sources and the 90µm flux is for the single FIS source. d Compton thin candidates in Severgnini et al. (2012) .
(This table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its form and content.) b Compton-thick candidates in Severgnini et al. (2012) .
c X-ray spectrum shows no evidence for significant absorption.
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Terashima et al. b X-ray spectrum shows no evidence for significant absorption. 
1.0 1.8f 37.9 2 / nenHdV , where DA is the angular size distance to the source (cm), ne is the electron density (cm −3 ), and nH is the hydrogen density (cm −3 ); Column 9: C statistic/degree of freedom; Column 10: Observed flux in 2-10 keV in units of 10 −14 erg cm −2 s −1 ; Column 11: Absorption-corrected luminosity in 2-10 keV in units of 10 42 erg s −1 ; Column 12: Classification of absorption for adopted spectral model. Thin: Compton-thin (NH = 10 22 − 1.5 × 10 24 cm −2 ). Thick: Compton-thick (NH > 1.5 × 10 24 cm −2 ). a pha: photoelectric absorption; po: power law; apec: thermal plasma emission model; ref: reflected emission from cold matter; ga: Gaussian. The first letter of z stands for emission/absorption at the source redshift. * denotes the adopted model in Figures 15-17 . b "f" denotes fixed parameter. c The effect of Compton scattering is approximately taken into account by using the cabs model in XSPEC. The column density is assumed to be same as that for photoelectric absorption.
d The absorption column density was not constrained and fixed at the best-fit value.
e Pegged at the upper bound allowed in the fit. f Flux and luminosity are derived by extrapolating the result of fit using energies below 2 keV. g Center energy of the Gaussian component is fixed at 6.97 keV. Note. -Column 1: Galaxy Name; Column 2: Spectral Model used to derive the Fe-K line parameters; Column 3: Center energy of the Gaussian line; Column 4: Normalization of the Gaussian in units of 10 −5 photons cm −2 s −1 in the line; Column 5: Equivalent width; Column 6: The improvement in fit compared to the model without a Gaussian line. a The description of model components is same as in Table 5 . A photon index of 1.8 was assumed for the power-law component. "..." menas that X-ray flux around Fe-K line is low and that no meaningful constraint on Fe-K line is obtained. b "f" denotes fixed parameter.
c If a redshifted model is used and if the line center energy is assumed to be 6.4 keV, redshift is weakly constrained as 0.046 ± 0.066 and the improvement of the fit is ∆C = 5.6.
d The peak at 5.8 keV seen in the spectrum was assumed to be Fe-K line at 6.4 keV in the source rest frame and the best-fit redshift of z = 0.097 was obtained. ∆C was calculated by assuming the redshift determined from the model containing a Gaussian line. Note. -Column 1: Infrared sample. 18+90 -18 + 90 µm sample, 18 -18 µm sample in Table 4 ; 90 -90 µm sample in Table 3 . Column 2: Number of objects in the sample. Column 3: Number of objects with X-ray measurement of absorption. Fraction of objects with available X-ray absorption data is shown in parenthesis. Column 4: Number of unabsorbed objects with NH < 10 22 cm −2 . Column 5: Number of objects absorbed by Compton-thin matter. Column 6: Number of objects absorbed by Compton-thick matter. Column 7: The fraction of objects absorbed by Compton-thin or Compton-thick matter in the sample.
